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ABSTRACT 
 
7KHIROORZLQJSDSHUGHVFULEHVDZRUNZKLFKVRXJKWWRUHYLYHDQG
LQYHVWLJDWH WKH VRXQGVFDSH RI D WK FHQWXU\$EEH\*HRPHWULF
URRPDFRXVWLFPRGHOOLQJPHWKRGVZHUHHPSOR\HGWRUHDOLVH WKLV
DLP DQG SDUWLFXODU DWWHQWLRQZDV JLYHQ WRPRQLWRULQJ WKH LQIOX
HQFHRIWKHOHYHORIJHRPHWULFDOGHWDLOLQJRQDFRXVWLFDOFKDUDFWHU
LVWLFV7KUHHYLUWXDODFRXVWLFPRGHOVRIYDU\LQJGHWDLOZHUHFRQ
VWUXFWHGDQGVLPXODWHGLQRUGHUWRREWDLQURRPLPSXOVHUHVSRQVHV
ZKLFKZHUH WKHQ KDUQHVVHG IRU DQDO\VLV DQG WKH FUHDWLRQ RI DX
UDOL]DWLRQV 7KH UHVXOWV JLYHQ LQ WKLV GRFXPHQW ZHUH REWDLQHG
WKURXJK GLUHFW H[DPLQDWLRQ RI LPSXOVH UHVSRQVHV JDWKHUHG DQG
VXEMHFWLYHWHVWLQJ5HYHUEHUDWLRQWLPHVZHUHVKRZQWREHPRUHRU
OHVV FRQVLVWHQW DW KLJK IUHTXHQFLHV LQ DOO WKUHH PRGHOV DQG LQ
FUHDVLQJO\ GLVVLPLODU DV IUHTXHQF\ GHFUHDVHV 6XEMHFWLYH WHVWLQJ
ZDVHPSOR\HGWRJDLQLQVLJKWLQWRWKHDXGLELOLW\RIWKHFRQWUDVWLQ
DFRXVWLFDO TXDOLWLHV SRVVHVVHG E\ HDFK PRGHO 7KH FRQFOXVLRQV
GUDZQIURPDQDO\VLVDUHLQSDUWVXSSRUWHGE\WKHVXEMHFWLYHWHVW
LQJUHVXOWV
 
INTRODUCTION 
 
$FRXVWLF PRGHOOLQJ SURJUDPV VXFK DV 2'(21 DQG &$77
$FRXVWLFDUHRIWHQXWLOLVHGWRFRQVWUXFWDQGVLPXODWHYLUWXDOPRG
HOVRIVRXQGILHOGVRIDUFKLWHFWXUDOLQWHUHVW>@>@7KHDSSOLFD
WLRQVRIXQGHUWDNLQJVRIWKLVNLQGLQFOXGHWKHUHYLYDORIDFRXVWL
FDO HQYLURQPHQWV ZKLFK DUH QR ORQJHU DFFHVVLEOH DQG WKH UH
FRUGLQJ RI DFRXVWLFDO FKDUDFWHULVWLFV RI VSDFHV DV SDUW RI D ³K\
EULG´DUFKLWHFWXUDODFFRXQW>@
*HRPHWULF DFRXVWLF PRGHOOLQJ DSSURDFKHV DSSUR[LPDWH WKH
SURSDJDWLRQ RI VRXQG WKURXJK DQ HQFORVHG VSDFH E\ DOORZLQJ D
ODUJHQXPEHURILQILQLWHO\WKLQUD\VRIDFRXVWLFDOHQHUJ\WRHPD
QDWHIURPDVRXUFH7KHUD\VLQWHUDFWZLWKERXQGDU\VXUIDFHVDF
FRUGLQJ WR WKH ODZVRIDEVRUSWLRQDQGVFDWWHULQJ,IDUD\DUULYHV
ZLWKLQWKHYLFLQLW\RIDUHFHLYHUSRVLWLRQGDWDUHODWLQJWRHQHUJ\
OHYHOVDQGGLUHFWLYLW\DUHUHFRUGHG7KHGDWDFROOHFWHG WKHQFRQ
WULEXWHV WR WKH IRUPDWLRQ RI DQ LPSXOVH UHVSRQVH SURYLGLQJ LQ
VLJKW LQWR WKHQDWXUHRI WKHPRGHOOHGVSDFH LQ WHUPVRIVWDQGDUG
URRP DFRXVWLF SDUDPHWHUV DQG IDFLOLWDWLQJ DXUDOL]DWLRQ WKURXJK
DXGLRFRQYROXWLRQ
7KH VXEMHFW VLWHPRGHOOHG LQ WKLV VWXG\ZDV 6W0DU\¶V$EEH\
<RUN7KLV$EEH\ZDVGHVWUR\HGGXULQJWKHGLVVROXWLRQXQGHUWKH
UXOHRI+HQU\9,,, DQG FXUUHQWO\ OLHV LQ UXLQ VHH)LJXUH$V
VXFK LW LV LPSRVVLEOH WRFDSWXUHURRPLPSXOVHUHVSRQVHV5,5V
IURPWKLVVLWHDQGWKHUHIRUHFRPSDULVRQEHWZHHQUHVXOWVRISUDF
WLFDODFRXVWLFDOPHDVXUHPHQWDQGWKRVHYLUWXDOO\JHQHUDWHGLVDOVR
QRW SRVVLEOH +RZHYHU UHVXOWV WDNHQ IURP YLUWXDO PRGHOV RI

)LJXUH  The   ruins   of   St.Mary’s  Abbey,   York  as   viewed   in   its  
current state. Image sourced from >@
LQFUHDVLQJ JHRPHWULFDO FRPSOH[LW\ ZHUH FRPSDUHG GXULQJ WKLV
VWXG\ LQ DQ DWWHPSW WR JDLQ DQ XQGHUVWDQGLQJ RI WKH HIIHFW RI
JHRPHWULFGHWDLOLQJRQURRPDFRXVWLFFKDUDFWHULVWLFV
,QDGGLWLRQVXEMHFWLYHWHVWLQJZDVFDUULHGRXWE\DOORZLQJOLVWHQ
HUV WRH[SHULHQFHDXUDOL]DWLRQVRIHDFKYLUWXDOVSDFH WRDVFHUWDLQ
ZKHWKHUWKHYDULDQFHLQURRPWRSRORJLHVDQGWKHUHIRUHWKHDFRXV
WLFDO TXDOLWLHV DUH SHUFHSWLEOH 7KLV SURFHVV H[SRVHG WKH VRQLF
UHYLYDO RI WKH VRXQGVFDSH RQFH SUHVHQW ZLWKLQ WKH $EEH\ DQG
VXSSRUWVWKHQRWLRQRIXVLQJYLUWXDO5,5VDVDPHDQVRIREWDLQLQJ
UHDOLVWLFUHYHUEHUDWLRQHIIHFWVIRUFUHDWLYHDXGLRSURFHVVLQJ

2. THE ACOUSTIC MODELS
2'(21$XGLWRULXPZDV HPSOR\HG WRFUHDWHDQGVLPXODWH
YLUWXDOPRGHOV RI 6W0DU\¶V 3ULRU WR WKHPRGHOOLQJ SURFHVV LW
ZDV QHFHVVDU\ WR UHVHDUFK DQG REWDLQ URRP GLPHQVLRQV RI VXLW
DEOH DFFXUDF\ 7R WKLV HQG DUFKLWHFWXUDO HYLGHQFH ZDV VRXUFHG
IURPUHOHYDQWWH[WVLH>@>@DQGDOVRIURPWKHUHPDLQVRIWKH
VXEMHFW VLWH LWVHOI 'LPHQVLRQV RI WKH IORRU SODQ RI WKH$EEH\¶V
LQWHULRUZHUHGHULYHGIURPVFDOHGGLDJUDPVFUHDWHGGXULQJH[FD
YDWLRQVDQGVXUYH\VRIWKHVLWHPDGHDYDLODEOHIRUWKLVZRUNIURP
WKHDUFKLYHVRI<RUN0XVHXPV7UXVW'DWDUHODWLQJWRWKHKHLJKW
RIURRILQJVHFWLRQVDQGDUFKZD\VZHUHWDNHQIURPWKHVHVXUYH\V
DQGIXUWKHUHYLGHQFHRIWKLVNLQGIURPDVFDOHGGUDZLQJGHSLFWLQJ
WKH6RXWKHOHYDWLRQRIWKHEXLOGLQJGHYHORSHGE\(YHUDUG5LGV
GDOH 7DWH >@ $PDOJDPDWLRQ RI WKH VRXUFHG PHDVXUHPHQWV HQ
VXUHG WKDW UHVXOWLQJ URRP GLPHQVLRQV SRVVHVVHG D VXIILFLHQW
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)LJXUH  ‘Wire  Frame’   view  of   phase   1  model   as  displayed   in  
ODEON 10.1 Auditorium. 
 

)LJXUH‘Wire  Frame’  view  of  phase  2  model  showing  inclusion  
of column and window structures. 
 
OHYHO RI GHWDLOLQJ IRU WKHSXUSRVHVRI WKHSURMHFW $OOPHDVXUH
PHQWGDWDZDVFROODWHGDQGFRPELQHG ILUVW LQGUDZQSODQVDQG
WKHQ DSSOLHG WR WKH FUHDWLRQ RI JHRPHWU\ ILOHV ZLWKLQ 2'(21
7KHFHQWUDOVSLUHRIWKH$EEH\ZDVRPLWWHGIURPDOOPRGHOVDVLWV
LQFOXVLRQ ZDV EHOLHYHG WR KDYH QHJOLJLEOH HIIHFW RQ WKH RYHUDOO
DFRXVWLFVRIWKHLQWHULRUVSDFHDVLQ>@
,QWRWDOYLUWXDOPRGHOVZHUHLPSOHPHQWHGDVVKRZQLQ)LJXUHV
7KHILUVWSKDVHRIPRGHOOLQJLQFRUSRUDWHGDEDVLFURRPJHR
PHWU\FRQVLVWLQJRIODUJHFHLOLQJIORRUDQGZDOOVXUIDFHVGHILQHG
E\  FRUQHU SRLQWV DQG  VXUIDFHV ,QWHULRU FROXPQVZLQGRZ
ED\VDQGZLQGRZVZHUHLQFOXGHGLQWKHVHFRQGSKDVHPRGHODQG
WKHILQDOSKDVHVDZWKHLQFOXVLRQRILQWHULRUDUFKZD\VDQGURRILQJ
VWUXFWXUHV7KHVHFRQGDQGWKLUGSKDVHPRGHOVFRQVLVWHGRI
DQGVXUIDFHVUHVSHFWLYHO\
,Q DGGLWLRQ WR URRPJHRPHWULHV VXUIDFHPDWHULDOVZHUH DOVRGH
ILQHG XVLQJ WKH PRVW VXLWDEOH DSSUR[LPDWLRQV DYDLODEOH LQ WKH
2'(21PDWHULDOOLEUDU\

3. SIMULATION AND RIR GENERATION 
 
3ULRUWRWKHVLPXODWLRQRIHDFKDFRXVWLFPRGHOLWZDVQHFHVVDU\WR
GHILQHFHUWDLQSDUDPHWHUVWRHQVXUHLPSXOVHUHVSRQVHVZHUHFDS
WXUHGFRUUHFWO\7KHYDOXHVFKRVHQIRUWKHVHSDUDPHWHUVZHUHWKH
VDPHIRUHDFKRIWKHWKUHHPRGHOVWRHQVXUHDYDOLGFRPSDULVRQRI
UHVXOWVREWDLQHG

3.1 Simulation Parameters 
 
%DVLF VLPXODWLRQ SDUDPHWHUV WKDW FDQ EH DOWHUHG LQ2'(21 LQ
FOXGH WKH WUDQVLWLRQ RUGHU VFDWWHULQJ W\SH DQG LPSXOVH UHVSRQVH
OHQJWK5HIOHFWLRQVRIDQRUGHUHTXDOWRRUOHVVWKDQWKHWUDQVLWLRQ
RUGHUDUHPRGHOOHGXVLQJDFRPELQDWLRQRIWKHLPDJHVRXUFHDQG

)LJXUHPlan view of phase 3 model highlighting the addition 
of   archways   and   ceiling   structures.   Source   (‘SRC’   right)   and  
receiver   (‘REC’   left)   locations,   as   defined   in  all   three  ODEON  
models, are shown.
UD\WUDFLQJPHWKRGV5HIOHFWLRQVRIDKLJKHURUGHUDUHFDOFXODWHG
WKURXJKXVHRIUD\WUDFLQJDORQH7KLVTXDQWLW\ZDVVHWWRDYDOXH
RI7KH VFDWWHULQJ W\SHZDV VHW WR µ/DPEHUW6FDWWHULQJ¶/DP
EHUW VFDWWHULQJ DSSOLHV D SUREDELOLW\ JRYHUQLQJ WKH DPRXQW WKDW
UD\ UHIOHFWLRQVPD\ GHYLDWH IURP VSHFXODU UHIOHFWLRQSDWKV7KLV
SURYLGHVDPRUHUHDOLVWLFDSSUR[LPDWLRQ WKDQ WKDWJLYHQ WKURXJK
DSSOLFDWLRQRI6QHOO¶V ODZ7KH LPSXOVH UHVSRQVH OHQJWKZDVVHW
WRVHFRQGVDWOHDVWRIWKHKLJKHVWHVWLPDWHGUHYHUEHUDWLRQ
WLPH WR HQVXUH WKDW WKH UHYHUEHUDQW WDLO ZDV FDSWXUHG LQ LWV HQ
WLUHW\
3.2 Impulse Response Parameters 
 
,QDGGLWLRQWRWKHEDVLFVLPXODWLRQSDUDPHWHUVRSWLRQVUHODWLQJWR
WKH QDWXUH RI WKH LPSXOVH UHVSRQVHV DUH DOVR DYDLODEOH LQ
2'(217KHVHLQFOXGHELWGHSWKRIWKHUHVXOWLQJZDYILOHVLP
SXOVH UHVSRQVH W\SH DQG VXUURXQG VRXQG LPSXOVH UHVSRQVH FDOL
EUDWLRQ,QRUGHUWRHQVXUHWKHDXGLRILOHVSURGXFHGZHUHRIVXIIL
FLHQWTXDOLW\IRUIXUWKHUXVHELW3&0ZDYILOHVZHUHFKRVHQ
WRVWRUH5,5V,WLVSRVVLEOHWRJHQHUDWHDQXPEHURIGLIIHUHQW5,5
W\SHVVLPXOWDQHRXVO\GXULQJVLPXODWLRQDQGVRERWK$PELVRQLF
%IRUPDW DQG ' VXUURXQG VRXQG LPSXOVH UHVSRQVHV ZHUH VH
OHFWHG IRU SURGXFWLRQ 7KH SOD\EDFN V\VWHP LWVHOI FRQVLVWHG RI
WZR*HQHOHF$VLQDVWDQGDUGVWHUHRFRQILJXUDWLRQSUHVHQW
HGWROLVWHQHUVLQDQDFRXVWLFDOO\WUHDWHGUHFRUGLQJVWXGLRFRQWURO
URRPHQYLURQPHQW

3.3 Sound Source and Receiver Locations 
 
$QRPQLGLUHFWLRQDO YLUWXDO VRXQG VRXUFHZDVSRVLWLRQHG LQ WKH
FKRLUDOWDUDUHDRIWKH$EEH\DQGDUHFHLYHUSRVLWLRQZDVGHILQHG
LQ WKH 1DYH ERWK DW D KHLJKW RI P 7KLV FRPELQDWLRQ RI
VRXUFHDQGUHFHLYHUSODFHPHQWZDVLQWHQGHGWRUHSUHVHQWDOLNHO\
VFHQDULRDQGFRQILJXUHGWRPLPLFDYRFDOSHUIRUPDQFHDVH[SHUL
HQFHGLQWKHDXGLHQFHDUHD$SODQYLHZRIWKHVHORFDWLRQVLVSUR
YLGHGLQ)LJXUH
4. RESULTS 
 
5HVXOWVUHODWLQJWRWKHUHYHUEHUDWLRQWLPHDQGHDUO\GHFD\WLPHRI
HDFK DFRXVWLF PRGHO ZHUH FRPSXWHG E\ DSSO\LQJ ,62 7
DQG('7 >@ FDOFXODWLRQV WR WKH5,5VJHQHUDWHG IURP2'(21
0RQR 5,5V ZHUH REWDLQHG E\ H[WUDFWLQJ WKH :FKDQQHO IURP
HDFK %IRUPDW 5,5 ZDY ILOH 7KH %IRUPDW :FKDQQHO FRUUH
VSRQGVWRWKHRXWSXWRIDVLQJOHRPQLGLUHFWLRQDOUHFHLYHU'LUHFW
DQDO\VLVRIWKH0RQR5,5VZDVUHDOLVHGWKURXJKXVHRI>@7KH
,62SDUDPHWHUVPHDVXUHGLQHDFKYLUWXDOPRGHODUHSUHVHQWHGLQ
)LJXUHV	('7DQG7WLPHVREWDLQHGIURP5,5VPHDVXUHG
LQ<RUN0LQVWHU>@DODUJHFDWKHGUDORIVLPLODUVL]HDQGVKDSHWR
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)LJXUHT30 values derived from RIRs obtained from each vir-
tual model and calculated using [8]. Values obtained from 
measurements taken in York Minster are included for compari-
son. 

WKDWRI6W0DU\¶VDUHLQFOXGHGE\ZD\RIFRPSDULVRQ7KHILQG
LQJVGHWDLOHG LQ WKLVVHFWLRQSUHVHQWDMXVWLILFDWLRQIRUWKHQDWXUH
RIWKHVXEMHFWLYHWHVWUHVXOWVJLYHQLQVHFWLRQ

4.1 Reverberation Times, T30

7KH7UHVXOWV)LJXUHFRUUHODWHZLWKSUHGLFWHGUHVXOWVUHJDUG
LQJDUHGXFWLRQLQUHYHUEHUDWLRQWLPHVDVIUHTXHQF\LQFUHDVHV,Q
SUDFWLFDO PHDVXUHPHQW RI UHDO VSDFHV WKLV LV JHQHUDOO\ WKH FDVH
RZLQJ WR WKH IDFW WKDW ORZ IUHTXHQF\ VRXQGV SRVVHVV D KLJKHU
OHYHORIHQHUJ\WKDQWKDWRIKLJKIUHTXHQFLHV7KHSKDVHPRGHO
SRVVHVVHV WKH ORQJHVW UHYHUEHUDWLRQ WLPHV DFURVV DOO PHDVXUHG
IUHTXHQF\ EDQGV 7KLV LV SDUWLFXODUO\ DSSDUHQW LQ WKH ILUVW RF
WDYHV7KHODUJHGLIIHUHQFHVLQ7YDOXHVEHWZHHQSKDVHVDQG
DUHSUHVHQW GXH WR WKH LQVHUWLRQRI FROXPQ VWUXFWXUHVZLWKLQ WKH
PRGHO 7KHVH FROXPQV VFDWWHU VRXQG FUHDWLQJ D GLIIXVH VRXQG
ILHOG PXFK HDUOLHU WKDQ LQ WKH EDVLF PRGHO DV PRUH DFRXVWLFDO
HQHUJ\LVORVWGXHWRDQLQFUHDVHRIVXUIDFHUHIOHFWLRQVDQGVXEVH
TXHQWDEVRUSWLRQ$OHVVH[WUHPHYDULDWLRQLQUHYHUEHUDWLRQWLPHV 
LV VKRZQ EHWZHHQ SKDVHV  DQG$V VXFK LWPD\EH DVVXPHG
WKDW WKH DGGLWLRQ RI DUFKZD\ DQG URRILQJ VWUXFWXUHV DFWV WR
VOLJKWO\ ORZHU UHYHUEHUDWLRQ WLPHV GXH WR D GHFUHDVH LQ PRGHO
YROXPH DQG WKH VFDWWHULQJ HIIHFWV RI QRQSODQDU FHLOLQJ GHWDLO
:KHQFRPSDUHGZLWKUHVXOWVREWDLQHGIURP<RUN0LQVWHUQRWLQJ
REYLRXV GLIIHUHQFHV LQ PHDVXUHPHQW DQG FRQVWUXFWLRQ HJ
VRXUFHUHFHLYHU ORFDWLRQVPRUHZRRGHQ IXUQLVKLQJVDQG LQWHULRU
IHDWXUHV D ODUJHUKHLJKWDQGYROXPH7 DQG('7YDOXHVDUH
FRQVLGHUDEO\ KLJKHU LQGLFDWLQJ WKDW D FRPSOHWHO\ EDUH LQWHULRU
HYHQZLWKVRPHFRQVLGHUDEOHJHRPHWULFDOGHWDLOLVQRWVXIILFLHQW
LQREMHFWLYHWHUPVWRDUULYHDWDUHDOLVWLFUHVXOW
 
4.2 Early Decay Times (EDTs) 
 
7KHUHVXOWVGHULYHGIURP('7V)LJXUHDOVRVKRZDFRUUHODWLRQ
ZLWKSUHGLFWLRQVDVUHYHUEHUDWLRQWLPHVGHFUHDVHZLWKLQFUHDVHLQ
IUHTXHQF\ 7KLV PHDVXUHPHQW LV KHDYLO\ LQIOXHQFHG E\ GLUHFW
VRXQGDQGHDUO\UHIOHFWLRQVDVLWLVFDOFXODWHGIURPWKHILUVWG%
GHFUHDVH RI WKH VRXQG SUHVVXUH OHYHO GHFD\ FXUYH ,W LV IRU WKLV
UHDVRQ WKDW WKH ('7 PHDVXUHG LQ WKH SKDVH  PRGHO LV PXFK
JUHDWHUDWORZHUIUHTXHQF\EDQGVWKDQWKDWPHDVXUHGLQSKDVHV
DQG7KLVIXUWKHUVXSSRUWVWKHFRQFOXVLRQWKDWWKHVRXQGILHOGV
LQSKDVHVDQGEHFRPHGLIIXVHHDUOLHUWKDQSKDVHGXHWRWKH
VFDWWHULQJHIIHFWVRI WKH LQWHULRUJHRPHWULFDOGHWDLOLQJ$VPDOOHU
GLIIHUHQFH LQ('7 LV DSSDUHQWEHWZHHQSKDVHVDQGDW ORZHU
IUHTXHQF\EDQGV7KLVVKRZVWKDWWKHLQFOXVLRQLQWHULRUDUFKZD\V
DQGURRILQJVWUXFWXUHVDFWWRIXUWKHUGLVSHUVHVRXQGEXWRQO\
)LJXUHEDT values derived from RIRs obtained from each vir-
tual model and calculated using [8]. Values obtained from 
measurements taken in York Minster are included for compari-
son.

PDUJLQDOO\LQWKHILUVWWZRIUHTXHQF\RFWDYHVPHDVXUHG$WKLJKHU
IUHTXHQFLHVDOOWKUHHPRGHOVVKRZLQFUHDVLQJO\FRQVLVWHQW('7V
LQDJUHHPHQWZLWKWKH7PHDVXUHPHQWV

5. CONVOLUTION PROCESS AND SUBJECTIVE TESTS 

7KHVWHUHR5,5VZHUHJHQHUDWHGXVLQJWKHSDUDPHWHUVDQGVRXUFH
DQGUHFHLYHUSRVLWLRQVDVGHWDLOHGLQVHFWLRQ7KHVH5,5VZHUH
FRQYROYHGZLWKPRQRDQHFKRLFH[FHUSWVVRXUFHGIURPUHFRUGLQJV
RI FKRUDO SHUIRUPDQFHV RQH PDOH RQO\ SODLQFKDQW WZRPL[HG
FKRLUVH[FHUSWVIURPDUUDQJHPHQWVRIWKHVXQJPDVVREWDLQHGDW
WKH$XGLR/DEDWWKH8QLYHUVLW\RI<RUN7KLVUHVXOWHGLQDQXP
EHURIFKDQQHOVWHUHRDXUDOL]DWLRQVVXLWDEOHIRUVWHUHRSOD\EDFN

5.1 Convolution using SIR Plug-in 
 
7KUHH WZRFKDQQHO 5,5V ZHUH HPSOR\HG IRU DXUDOL]DWLRQ 7KH
ZDY ILOHV FRQWDLQLQJ WKH LPSXOVH UHVSRQVHVZHUH LPSRUWHG LQWR
WKH6WHLQEHUJ1XHQGRDXGLRSURFHVVLQJVXLWH$SURMHFWILOHZDV
WKHQFUHDWHGXVLQJ6,5YDXGLRWRROV967SOXJLQ>@IRU
WKH DXGLR FRQYROXWLRQ 7KH DQHFKRLF PDWHULDO ZDV HGLWHG VXFK
WKDWWKUHHVXLWDEO\VKRUWSKUDVHVODVWLQJLQWKHUDQJHRIVHF
RQGVZHUHREWDLQHG(DFKH[FHUSWZDVWKHQFRQYROYHGZLWKHDFK
FKDQQHO5,5SURGXFLQJDXUDOL]DWLRQVLQWRWDO

5.2 Subjective Testing and Results 
 
$VLPSOHVXEMHFWLYHWHVWZDVGHYLVHGWRDVVHVVWKHOHYHORIDXGL
ELOLW\ LQ WKHYDULDQFHRIDFRXVWLFDOSURSHUWLHVSRVVHVVHGE\HDFK
PRGHORI6W0DU\¶V$EEH\7KHWHVWPDWHULDOSOD\HGEDFNLQVWH
UHRFRQVLVWHGRIDXGLRWUDFNVFUHDWHGXVLQJWKHDXUDOL]DWLRQVRE
WDLQHG 7UDFNV ZHUH DUUDQJHG VXFK WKDW DQ DXUDOL]DWLRQ RI RQH
PRGHOXVLQJDSDUWLFXODUDQHFKRLFH[FHUSWZDVSOD\HGIROORZHG
E\DQDXUDOL]DWLRQRIDGLIIHUHQWPRGHOXVLQJWKHVDPHDQHFKRLF
H[FHUSW 7KHQ RQH RI WKH WZR DXUDOL]DWLRQV ZDV UHSHDWHG WKXV
HDFK WHVW FDVH FRQWDLQHG WKUHH DXUDOL]DWLRQV RQH RI ZKLFK ZDV
GLVVLPLODU WR WKHRWKHU WZR$WRWDORIFDVHVZHUHFRPSLOHG LQ
WKLVPDQQHULQVXFKDZD\WKDWDOOPRGHOFRPELQDWLRQVSKDVHV
DQGSKDVHVDQGSKDVHVDQGZHUHSUHVHQWHGXVLQJWKH
WKUHHDQHFKRLFDXGLRH[FHUSWV(DFKWUDFNZDVSOD\HGWZLFHGXU
LQJWHVWLQJJLYLQJDWRWDOWHVWOHQJWKRIFDVHVZLWKWKHRUGHURI
WUDFNVUDQGRPL]HG'XULQJ WHVWLQJVXEMHFWVZHUHDVNHGWRVHOHFW
WKHH[FHUSWRQHDFKWUDFN WKDWWKH\EHOLHYHGWREHGLIIHUHQWIURP
WKH RWKHU WZR &RUUHFW VHOHFWLRQ ZRXOG VXJJHVW DXGLEOH GLIIHU
HQFHVEHWZHHQ WKHDFRXVWLFTXDOLWLHVRI WKHPRGHOVH[SHULHQFHG
7KHWHVWWUDFNVZHUHSOD\HGRQFHRQO\ZLWKDSDXVHEHWZHHQHDFK
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)LJXUH Bar chart displaying the number of correct answers 
given for each combination of models over all 10 subjective tests. 

DOORZLQJWKHVXEMHFWWLPHWRDUULYHDWDFRQVLGHUHGGHFLVLRQ7KH
WUDFN DQG DXUDOL]DWLRQ DUUDQJHPHQW SUHYLRXVO\ GHVFULEHG DO
ORZHGFRPSDULVRQVRIHDFKPRGHOFRPELQDWLRQWREHPDGHE\
WKHVXEMHFWSHU WHVW,QWRWDOVXEMHFWVFDUULHGRXWWHVWLQJWKHLU
FXPXODWLYHUHVXOWVDUHSUHVHQWHGLQ)LJXUH
7KH FKDUW DERYH VKRZV WKDW RQ DYHUDJH VXEMHFWV FRUUHFWO\ GH
WHFWHGOHVVWKDQRIWKHSUHVHQWHGPRGHOFRPSDULVRQV+RZ
HYHUWKHVHUHVXOWVSRVVHVVDFRUUHODWLRQZLWKWKRVHJDLQHGDQDO\W
LFDOO\7KHYDULDWLRQ LQ WKHDXGLEOHQDWXUHRI WKHVRXQGVFDSHV LV
VKRZQ WREHPRUHDSSDUHQWEHWZHHQ WKHSKDVHPRGHODQG WKH
UHPDLQLQJ WZR GHWDLOHGPRGHOV $OVR WKHVH UHVXOWV VXJJHVW WKDW
WKHDFRXVWLFDOGLIIHUHQFHVEHWZHHQPRGHOSKDVHVDQGDUHGLI
ILFXOWWRSHUFHLYHZLWKOHVVWKDQRIDOOFRPSDULVRQVFRUUHFWO\
GHWHFWHG7KHQXPHULFDOGDWDUHODWLQJWRUHYHUEHUDWLRQWLPHVVHF
WLRQVXSSRUWVWKHILQGLQJVRIWKHVHWHVWV7KLVLQGLFDWHVWKDWWKH
ODUJHU GLIIHUHQFHV LQ WKH ORZ WRPLGGOH IUHTXHQF\ UHYHUEHUDWLRQ
OHYHOVEHWZHHQSKDVHDQGSKDVHVDQGDUHPRUHSHUFHSWLEOH
WKDQWKDWRIWKHVPDOOHUYDULDQFHSUHVHQWEHWZHHQSKDVHVDQG
IRU WKLV JLYHQ FRPELQDWLRQ RI VRXUFHUHFHLYHU SRVLWLRQV DQG DV
GHWHUPLQHGE\WKHVRXUFHPDWHULDOXVHG7KHVHILQGLQJVDUHIXU
WKHUVXSSRUWHGJLYHQWKDWWKHMXVWQRWLFHDEOHGLIIHUHQFH-1'IRU
('7LV>@7KHGLIIHUHQFHLQ('7EHWZHHQSKDVHVDQG
YDULHVOHVVWKDQIRUDOOEXWWKHORZHUWZRIUHTXHQF\EDQGVD
PXFKVPDOOHUYDULDQFHWKDQWKDWVKRZQEHWZHHQSKDVHVDQG
+RZHYHU WKHPDMRULW\RIFRPSDULVRQVZHUHLQFRUUHFWO\GHWHFWHG
VXJJHVWLQJWKDWWKHJHRPHWULFDOGHWDLOLQJDGGHGWRWKHPRGHOGRHV
QRWSURIRXQGO\DIIHFW WKHSHUFHSWLRQRIWKHVHFKDQJHVDFFHSWLQJ
WKHOLPLWDWLRQVRIWKHFRPSOH[LW\RIWKLVPRGHODQGWKHQDWXUHRI
WKHVXEMHFWLYHWHVWFDUULHGRXWDVDILUVWPHDQVRIYDOLGDWLRQ

6. CONCLUSION 

7KHVWXGLHVGHVFULEHG LQ WKLVSDSHUIRUPHGDQ LQYHVWLJDWLRQ LQWR
WKHHIIHFWRIDOWHULQJOHYHOVRIJHRPHWULFDOGHWDLOLQJZLWKLQDYLU
WXDO DFRXVWLFPRGHO RQ UHVXOWVREWDLQHGDQDO\WLFDOO\DQGHPSLUL
FDOO\)LQGLQJVVKRZWKDWWKHDGGLWLRQRILQWHULRUVWUXFWXUHVVXFK
DV FROXPQV DUFKZD\V URRI GHWDLOLQJ HWF FDXVH RYHUDOO UHYHU
EHUDWLRQ WLPHV WR GHFUHDVH DV SUHGLFWHG +RZHYHU WKH DXGLEOH
GLIIHUHQFHVEHWZHHQEDVLFDQGGHWDLOHGPRGHOVKDYHEHHQVKRZQ
WREHOHVVDSSDUHQWWKURXJKVXEMHFWLYHWHVWV7KHODUJHUHYHUEHUDQW
WDLOVSUHVHQW LQ WKHDXUDOL]DWLRQVRI WKHSKDVHPRGHOSURYLGHD
OLVWHQHU ZLWK VXIILFLHQW FXHV DOORZLQJ DQ DXUDO FRPSDULVRQ EH
WZHHQWKHEDVLFDQGGHWDLOHGPRGHOVWREHFRUUHFWO\GHWHFWHGZLWK
DVXFFHVVUDWHRIRQO\6XEMHFWVZHUHPRVWO\XQDEOHWRSHU
FHLYHVPDOOFKDQJHV LQ UHYHUEHUDWLRQ WLPHVFUHDWHGE\ WKH LQVHU
WLRQRIGHWDLOHGURRIYDXOWLQJ7KLVLQGLFDWHVWKDWFHUWDLQJHRPHW
ULFDOIHDWXUHVLQVHUWHGLQWKHGHWDLOHGPRGHOVPD\KDYHDQHJOLJL
EOHHIIHFWRQDXUDOL]DWLRQVFUHDWHGLQRUGHUWRVRQLFDOO\UHYLYHWKH
$EEH\¶VDFRXVWLFV
,WVKRXOGRIFRXUVHEHQRWHGWKDWWKLVPRGHOLVQRWDQH[DFWUHS
OLFDWLRQ RI WKH RULJLQDO$EEH\ JLYHQ WKDW LW QRZ RQO\ H[LVWV LQ
SDUW DQG WKDW PXFK RI WKH DUFKLWHFWXUDO GHWDLO WKDW ZRXOG KDYH
EHHQ SUHVHQW KDV EHHQ DSSUR[LPDWHG ZLWKPXFK VLPSOHU SODQDU
VXUIDFHV +RZHYHU WKH RYHUDOO JHRPHWU\ DQG FRQVWUXFWLRQ KDV
EHHQEXLOWEDVHGRQDYDLODEOHHYLGHQFHREWDLQHGHLWKHURQVLWHRU
IURPGRFXPHQWDWLRQIURPDYDULHW\RIVRXUFHV LQFOXGLQJDUFKDH
RORJLVWVH[SHUWLQWKHSHULRG7KHVXEMHFWLYHWHVWZDVOLPLWHGLQLWV
VFRSHDQGGHVLJQHGWRSURYLGHVRPHDGGLWLRQDOYDOLGDWLRQRIWKH
FKDQJHV REVHUYHG LQ WKH FDOFXODWHG DQGPHDVXUHG UHYHUEHUDWLRQ
WLPHV*LYHQWKDWRQO\RQHW\SHRIVRXQGVRXUFHKDVEHHQXVHGLW
LVLQWHUHVWLQJWRQRWHWKDWLQJHQHUDODOLVWHQHUFRXOGQRWLGHQWLI\
WKHFKDQJHVPDGHZLWKDQ\WKLQJPRUHWKDQDFKDQFH)XU
WKHUZRUNVKRXOGFRQGXFWDPRUHULJRURXVWHVWEDVHGRQGLIIHUHQW
VRXUFHUHFHLYHU ORFDWLRQ FRPELQDWLRQV DQG XVH D PRUH YDULHG
UDQJHRI DQHFKRLFVRXUFHPDWHULDO7KLV VKRUW VWXG\KDVGHPRQ
VWUDWHG WKDW FRQYLQFLQJ UHYHUEHUDQW HIIHFWV FDQ EH V\QWKHVL]HG
IURP HYHQ VLPSOH JHRPHWULFDO PRGHOV RI RWKHUZLVH FRPSOH[
VSDFHV&HUWDLQO\WKLVZRXOGEHVXLWDEOHIRUDILUVWDSSUR[LPDWLRQ
RIWKHDFRXVWLFSURSHUWLHVRIDKLVWRULFDOVSDFHWKDWQRORQJHUH[
LVWVLQLWVHQWLUHW\$SDUWIURPXVHRIWKHVH5,5VLQPXVLFSURGXF
WLRQIRUJHQHUDWLQJUHYHUEHIIHFWVRWKHUDSSOLFDWLRQVLQFOXGHRQ
VLWHDXGLRJXLGHVZHESUHVHQWDWLRQVDQGWKHSRWHQWLDOIRULQWHUDF
WLYH YLUWXDO UHDOLW\ ZDONWKURXJKV DOO RI ZKLFK KHOS LQ WHUPV RI
IDFLOLWDWLQJHQKDQFHGDFFHVVDQGHQJDJHPHQWZLWKKLVWRULFVLWHV

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